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Hepatocellular cancer (HCC) is most common primary liver malignancy in adults. Treatment
for HCC is a multispecialty undertaking, with surgical, locoregional, and systemic options
available. Choice of treatment depends upon patient and disease factors. Surgical therapy,
including resection and transplantation, is the primary curative treatment and is best suited
to patients with early disease. More advanced disease may be amenable to locoregional
therapies to “bridge” to transplantation, downstage disease, or as destination therapy for
unresectable cases. These include percutaneous ablation, transarterial therapy, external
radiation, and radioembolization with yttrium-90 conjugated beads. Patients with more
advanced disease may benefit most from systemic chemotherapeutic or small molecule
inhibitor options available, many of which have only been recently FDA approved. Immuno-
therapy is the newest component of HCC treatment. The Y-90 consultant should be familiar

with all modalities of HCC treatment and the interplay between them.
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epatocellular cancer (HCO) is the sixth most common
H cancer worldwide and third most common cause of can-
cer death."” Five-year survival is just over 10% without treat-
ment and approximately 50% with treatment.”* All current
available treatments for HCC, including yttrium-90 (Y-90)
radioembolization, are highly dependent on the patient. The
primary risk factors for HCC include cirrhosis and viral hepa-
titis infection. Thus, treatment options for HCC may be lim-
ited at presentation due to the patient’s baseline liver status
making aggressive management unsafe.” Other determinants
of treatment strategy include the tumor size, number of
lesions, distribution of lesions, the presence of metastatic dis-
ease, and the patient’s overall performance status.”

All of these components are taken into account in the two
primary staging criteria utilized for HCC, the Chinese Univer-
sity Prognostic Index (CUPI) and the Barcelona Clinic Liver
Cancer (BCLC) criteria.”” The CUPI is a weighted score
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ranging from —7 to 12 dependent on TNM stage, symptoms
upon presentation (or lack thereof), ascites, AFP level, total
bilirubin level, and alkaline phosphatase level. This can be
broken down into low-risk (=7 to 1), intermediate-risk,>”
and high-risk groups.”'* The BCLC criteria establish five
major subgroups (0, A, B, C, and D) based off of patient per-
formance status (as per the Eastern Cooperative Oncology
Group [ECOG] system), tumor characteristics, and liver func-
tion. Current treatment guidelines utilize the patient’s BCLC
staging (Fig. 1)."” Stage 0 is considered very early stage
(<2 cm in size, ECOG 0, Child-Pugh A) and may be treated
with curative resection or possibly ablation. Stage A is early
stage (1-3 nodules less than 3 cm, ECOG 0, Child-Pugh A-B)
can only be cured by liver transplantation. Stage B is interme-
diate (multinodular) and may be targeted with locoregional
therapy, such as ablation, transarterial chemoembolization,
radiation, or Y-90 radioembolization. Stage C is advanced
(vascular invasion or nodal/extranodal metastases) and
requires systemic therapy. Stage D is terminal (any tumor bur-
den with Child-Pugh C cirrhosis or ECOG 3 or 4) and only
supportive care is available. Familiarity with these guidelines
and the other therapeutic modalities is important for the Y-90
consultant in patient evaluation and participating in interdisci-
plinary discussions regarding treatment.
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Surgical Resection

Comprising eight total segments, with each receiving its own
vascular supply and biliary drainage, Couinaud’s 1957
description of hepatic anatomy still forms the basis of ana-
tomic hepatic resection today.'' Owing to the previously over-
lapping systems that were used to describe different liver
resections, the Brisbane classification in 2000 standardized the
nomenclature, dividing the liver into right and left hemilivers,
followed by sectors, followed by segments, with appropriate
resections based on these divisions (Fig. )12 Knowledge of
both the standard anatomy and common deviations is critical
for appropriate hepatic resection, as variants are the norm,
especially with respect to the arterial supply.'” Quality preop-
erative cross-sectional imaging and intraoperative ultrasonog-
raphy are important adjuncts to safe resection.

In anatomic liver resections, resections are carried along the
planes separating Couinaud segments with ligation of the seg-
ments’ specific inflow and outflow. While this oncologic strat-
egy removes the entire section of liver theoretically affected by
malignant degeneration, with better control of micrometasta-
ses, it sacrifices a larger amount of hepatic parenchyma com-
pared to a nonanatomic resection (ie, a parenchymal resection
to clear tumor margins). While conclusions have been

mixed,'” recent data, including a prospective randomized trial,
have suggested improved disease-free survival after anatomic
resections, especially in small lesions. '™

The ultimate goal of hepatic resection in hepatocellular
carcinoma is adequate resection of the involved parenchyma
with preservation of sufficient liver remnant (ie, future liver
remnant) to prevent postoperative liver failure, the leading
cause of perioperative mortality.'”

As the portal circulation is valveless, resections of hepatic
parenchyma lead to increased pressure in the remaining portal
veins until the remnant liver hypertrophies postoperatively. As
long as the remnant liver is sufficient to handle the increased
pressure, postoperative liver failure will not develop. Gener-
ally, a remnant size of at least 20%-25% of a healthy liver or
greater than 40% of a cirrhotic liver is considered suffi-
cient.'”*" Size can be estimated by either cross-sectional volu-
metry calculated from CT or MRI, or functional liver studies
such as indocyanine green (ICG) clearance or hepatobiliary
scintigraphy with single-photon emission computed tomogra-
phy (SPECT).”"

Tumoral factors that favor successful liver resection as a
treatment modality include solitary lesions, or multiple
lesions with none greater than 5 cm (American Joint Com-
mittee on Cancer T1 and T2). These tumors should not
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Figure 1 Barcelona Clinic Liver Classification (BCLC) staging system with management strategy based on BCLC staging.

Reprinted from ref 10, with permission from Elsevier.
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Figure 2 The segments of the liver and vasculobiliary anatomy as
first described by Couinaud et al (1957). From ref 13, license at
https://creativecommons.org/licenses/by-nc-sa/3.0/.

involve major portal or hepatic veins, and should not directly
invade viscera other than the gallbladder. Large tumor size
has been shown to portend a worse prognosis.””*” Solitary
lesions greater than 5 cm are thought by some surgeons to
preclude resection, but size itself is not a pure determinant
for selection. Published by the International Cooperative
Study Group on HCC, a 2005 retrospective study of
300 patients who underwent resection for tumors greater
than 10 cm showed an acceptable 5-year survival of greater
than 25%.”" In 2013, the same group published another ret-
rospective analysis which followed outcomes of major hepa-
tectomy (defined as resections of greater than four segments)
from 1981 to 2008. They noted significant improvements in
both postoperative and 5-year mortality over the examined
time period. The median tumor size was 10 cm, suggesting
that if required, major hepatectomy has become increasingly
justified.”” Additional studies have demonstrated similar
safety with resection of large lesions in patients with ade-
quate functional liver reserve.”®*’

Hepatic factors favoring resection as a primary treatment
modality include patients with no stigmata of portal hyper-
tension; although some patients with Child-Pugh class A cir-
rhosis can be candidates for small resections. The American
Association for the Study of Liver diseases recommends
resection as primary therapy for patients with well-preserved
liver function and T1 or T2 lesions.”” Similarly, the Euro-
pean Association for the Study of the Liver recommends
resection for patients with solitary tumors and very well-
preserved liver function, indicated by a normal serum biliru-
bin, platelet count greater than 100,000, and a hepatic
venous pressure gradient less than 10 mm Hg, '

Portal vein embolization and portal vein ligation are two
strategies to promote hypertrophy of the anticipated future
liver remnant generally used in preparation for right hepatec-
tomies. Typically, portal vein embolization is percutaneously
accomplished via a direct transhepatic puncture with subse-
quent embolization of the lobe to be resected.”” Portal vein

ligation involves the surgical exposure and ligation of the
desired portal vein via either laparotomy or laparoscopy.””
Comparisons between the two have yielded similar increases
in future liver remnants,’' > with most centers favoring por-
tal vein embolization due to its minimally invasive nature.

Liver Transplantation

In patients who are not a candidate for resection, liver trans-
plantation represents the only other potentially curative
modality in hepatocellular carcinoma. Transplantation serves
two purposes: resection of the tumor and replacement of the
dysfunctional liver. While initial experiences yielded poor
survival and recurrence rates,”> Mazzaferro’s 1996 ground-
breaking study established transplant as an effective treat-
ment for patients with cirrhosis and small, unresectable
hepatocellular carcinomas.”* When pathologic specimens
met their predetermined criteria, 4-year survival exceeded
80%. This study produced the Milan criteria, which restricts
transplantation to patients with a single lesion less than
5 cm, or up to three separate lesions with none larger than
3 cm, with no evidence of vascular invasion, and no regional
nodal or distant metastases. The United Network for Organ
Sharing still uses these criteria to select suitable patients for
transplantation. As patients with HCC meeting criteria for
transplantation often have well-compensated liver disease,
and thus a lower Model for end-stage liver disease score than
patients with purely advanced liver disease, exception points
are allocated to equalize the risk of death from HCC progres-
sion on the waiting list.”

While no large randomized controlled trials exist, retro-
spective studies suggest that liver transplantation yields sur-
vival that is equivalent’®”" or superior to resection.’®””
Limited by the availability of organ donation, however, stud-
ies comparing resection to transplantation capture only
patients who receive allografts, and fail to account for mortal-
ity on waiting lists.

There are multiple strategies to increase the supply of
available livers for transplantation including the use of living
donor partial livers, the predominant method of liver trans-
plantation used in Asia. Biologically, there exists a fear that a
regenerating partial liver graft is a source of HCC recurrence
and yields lower disease-free survival than deceased donor
grafts,” but multiple studies have shown equivalent out-
comes.”""* The use of deceased donor livers after cardiac
death yields a recognized increase in biliary complications
compared to donor livers after brain death,”” and in patients
with HCC has been associated inferior oncological outcomes
as well as overall survival.** One must compare, however,
these theoretically poorer outcomes with the risk of death
and disease progression on the waiting list.

Finally, many centers consider the Milan criteria too strict
given modern surgical and medical management. For exam-
ple, The University of California, San Francisco criteria accepts
patients with single tumors <6.5 cm, three tumors with each
<4.5 cm, with a total tumor diameter <8 cm. A study of 168
patients meeting these criteria yielded 5-year disease-free
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survival of 81%, with no difference between the subgroups
meeting UCSF criteria but exceeding Milan criteria vs those
meeting Milan criteria.”> Currently, the American Association
for the Study of Liver diseases recommends consideration for
transplantation only if patients are successfully downstaged to
within the Milan criteria using the techniques below.””

Percutaneous Ablation

Percutaneous image-guided tumor ablation is a targeted
locoregional therapy for destroying the tumor utilizing a
variety of methods. These include percutaneous ethanol injec-
tion (PEI), radiofrequency ablation (RFA), cryoablation,
and microwave ablation (Fig. 3)**. PEI was the first image-
guided percutaneous therapy for HCC with the benefit of
increased survival and biochemical response compared to
published natural history for the disease.””** RFA destroys
tumor cells using heat generated from an alternating electrical
current. It was demonstrated to be more effective than PEI for
both local control and survival, though requires general anes-
thesia due to the pain associated with thermal ablation.*”
For patients with early stage disease (BCLC 0 or A), ablation
with RFA has been shown in randomized controlled trials to
have similar outcomes to surgery in small tumors and hence is
a viable first-line option for these patients.”’”” While image-
guided RFA carries the distinct advantage of being minimally
invasive, other studies have shown RFA to however be inferior
for local disease control when compared to resection.””
RFA may alternatively be used to “bridge” transplant candi-
dates to keep them in transplant criteria until an organ

becomes available.”® In patients with more advanced HCC,
RFA may be used to potentially downstage to transplant status
or for palliation.”” " RFA has the disadvantages of reduced
effectiveness in certain tissues with low impedance (such as
lung) and that overheating locally can increase tissue imped-
ance and limit maximum temperature.”°" Additionally, flow-
ing adjacent blood can reduce heat generated by ablation,
known as the heat sink effect, which reduces effectiveness in
lesions larger than 3 cm.®”

Cryoablation alternatively utilizes compressed low-
temperature gases (nitrous oxide or argon) delivered percu-
taneously to freeze the tumor. It may require multiple
freeze-thaw cycles to generate tumor death, but can be
done under moderate sedation and has less risk of damag-
ing adjacent structures such as the gallbladder.”” Early
experience with cryoablation for HCC was promising, with
comparable tumor response and survival to RFA in long-
term studies and a multicenter randomized trial.”>* This
optimism for cryoablation was blunted however as bleed-
ing complications arose (cryoablation does not have the
cauterizing effect thermal ablation has) and rare but fre-
quently fatal reported cases of “cryoshock,” a syndrome of
multiorgan failure and disseminated intravascular coagula-
tion similar to that produced by sepsis but without a clear
infectious source.””*® Cryoablation has since fallen out of
favor for hepatic malignancies, though is still often used for
renal and musculoskeletal malignancies.””

Microwave ablation uses an electromagnetic field generated
by a percutaneously placed antenna instead of electromagnetic
current (as in RFA). Microwave ablation can produce higher
temperatures in a greater variety of tissues than RFA and

Figure 3 Ablation probe types. RFA probes produce thermal cell death utilizing transmitted current, commonly through
an expanding electrode array (upper left). Microwave probe tips utilize water molecule friction generated by an electro-
magnetic field from an antenna near the probe tip (upper right). Cryoablation utilizes compressed nitrous oxide or
argon gas released near the probe tip to generate an ablative iceball (lower left). IRE utilizes high voltage, low energy
direct current pulses between monopolar probes to induce apoptosis through permanent disruption of tumor cell

membranes (lower right).
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avoids the heat sink effect, allowing effective treatment in
larger lesions than RFA.°"°” Limited prospective randomized
data are available comparing microwave ablation to RFA. An
early randomized trial of 72 patients demonstrated similar
outcomes in small HCC lesions for RFA and microwave abla-
tion; however, microwave ablation required more treatment
sessions to achieve tumor response.”” A more recent random-
ized multicenter trial of 152 patients demonstrated similar
results overall for both methods.”” The choice of one method
over the other is a point of active controversy and depends on
the clinical scenario.

The newest method of percutaneous tumor ablation is
irreversible electroporation (IRE). IRE utilizes high voltage,
low energy direct current pulses delivered between at least
two monopolar electrodes to induce cell permeability and
apoptosis to a defined volume.”” IRE has been successfully
used in HCC lesions not amenable to thermal ablative techni-
ques or surgery due to tumor location near other vital struc-
tures.”” This more local effect may also allow for effective
tumor treatment in patients with more advanced cirrhosis
(Child-Pugh B) who cannot tolerate thermal ablation.’"
However, no randomized comparative data exist at this time
for IRE use in HCC.

Transarterial Chemotherapy

An alternative locoregional therapy to treat hepatic malig-
nancies is the transarterial approach directly to arteries
feeding the tumor. “Bland” embolization of hepatic tumors
with only embolic materials induces hypoxia and tumor
death in hypervascular tumors such as HCC, which has
preferential blood uptake from the arterial circulation com-
pared to the normal liver parenchyma that relies more
heavily on the portal circulation.””"” Transarterial chemo-
embolization (TACE) is a method whereby chemotherapy is
delivered intra-arterially in the form of a drug cocktail con-
taining chemotherapy (doxorubicin as single agent or a che-
motherapy cocktail), radiopaque ethiodized oil such as
Lipiodol (Guerbet LLC, Bloomington, IN), and embolic
material such as polyvinyl alcohol particles or micro-
spheres. The ethiodized oil utilized in this conventional
TACE (cTACE) results in better drug delivery to tumor cells
and the embolic agent reduces washout and systemic dose
while simultaneously inducing tumor hypoxia.”* TACE
may be used to bridge patients to transplant or downstage
unresectable patients to potential surgical candidates.””"”
Conventional TACE has also been shown to demonstrate
tumor response and improve survival in patients with unre-
sectable HCC in randomized controlled clinical trials and is
hence a standard of care treatment for these patients.”*"”
Unfortunately, recurrence after TACE is high and multiple
sessions of TACE may be necessary for a single lesion.””*"
Additionally, the potential of embolic damage to the liver
and systemic chemotherapeutic toxicity makes TACE
unsuitable for patients with advanced cirrhosis.”'

A newer method of TACE involves the use of chemother-
apy (usually doxorubicin) loaded embolic beads, known as

drug-eluting bead TACE (DEB-TACE).” DEB-TACE beads
remain trapped in the tumor vasculature and deliver chemo-
therapy locally at a sustained rate, with decreased theoretical
risk of hepatic and systemic dose compared to ¢cTACE.”” The
Precision V study of 212 patients with unresectable HCC
randomized patients to receive cTACE or DEB-TACE dem-
onstrated no significant differences in tumor control between
the two therapies but showed reduced liver and systemic tox-
icity in the DEB-TACE group.”* Some data suggest that DEB-
TACE may act primarily as an embolic rather than a
chemotherapeutic. A randomized trial of 101 patients have
compared DEB-TACE to bland embolization without chemo-
therapy demonstrated no difference in clinical survival,
though imaging tumor response was improved with DEB-
TACE." Another trial of 101 patients comparing the two
therapies demonstrated no difference in imaging response or
survival.®® While few centers utilize bland embolization, the
choice of cTACE or DEB-TACE at this time is institution spe-
cific as no randomized data at this time demonstrate a sur-
vival advantage of one strategy over the other.”’

TACE may be combined with ablation to successfully treat
larger tumors greater than 2 cm in size.”""” A randomized
trial of 95 patients treated with either RFA or TACE-RFA in
patients with tumors less than 7 cm in size demonstrated
improved overall survival and recurrence-free survival with
TACE-RFA.” Utilizing microwave ablation instead of RFA
with TACE is feasible and likely equivalent.”"”* Preablation
TACE provides an additional advantage of radiographically
staining tumors with lipiodol or retained contrast for later
improved targeting during ablation.”*

External Beam Radiation

External beam radiation therapy represents a noninvasive
locoregional therapy for hepatic malignancies. In unresect-
able HCC who progressed after TACE, prior retrospective
studies showed conventional local radiotherapy resulted in
modest tumor response in the majority of patients.”” Toxic-
ities include thrombocytopenia, and gastrointestinal toxic-
ities such as ulcers, and radiation induced liver disease
(RILD). RILD may result in fulminant liver failure and the
risk of RILD limited use of external beam radiation in hepatic
malignancies until recently.”

Stereotactic body radiation therapy (SBRT) is a newer,
more focused radiation therapy where three-dimensional
conformal, noncoplanar radiation can be delivered in higher
fractionated radiation doses to a specific liver lesion while
limiting dose to adjacent normal liver tissue. This means
SBRT allows for a higher potential tumor dose with a lower
theoretical risk of RILD.”” SBRT use for HCC is a relatively
recent development, with promising early results for effec-
tiveness in palliation of advanced disease and bridge to trans-
plantation.”®”” A retrospective cohort of inoperable HCC
patients demonstrated no significant difference in survival
for patients treated with RFA or SBRT, though SBRT demon-
strated longer freedom from local progression in larger
tumors.”® Retrospective comparative data also suggest that
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SBRT may have similar outcomes to TACE for survival and
l-year local tumor control.”” Conversely, a propensity-
matched retrospective review of the National Cancer Data-
base comparing SBRT to RFA for nonsurgical early HCC
demonstrated increased survival in the RFA group.'”’ An
intention-to-treat retrospective study of SBRT verses TACE
or RFA as a bridge to transplant demonstrated no significant
difference in surgical complication rates or post-transplant
survival between the therapies, though there was an
increased incidence of liver dysfunction after SBRT despite
reduced prescribed radiation doses.'’’ A randomized trial
comparing TACE with external beam conformal radiother-
apy to sorafenib for late-stage HCC with vascular invasion in
90 patients demonstrated increased progression-free survival
at 3 months, increased median time to progression, and
increased overall survival compared to sorafenib alone.'"”
No randomized prospective data are currently published
comparing SBRT alone to other locoregional therapies.

Systemic Treatment

Systemic treatment is indicated over locoregional therapies in
patients with BCLC stage C disease.'’ A summary of all cur-
rent available regimens is available in Table. Doxorubicin was
the first systemic chemotherapy utilized for advanced, unre-
sectable HCC which showed tumor response, but had signifi-
cant cardiac toxicity when given systemically.'”” Later studies
failed to demonstrate a clinically significant benefit at safe
doses. 10*10 Oxaliplatin, however, demonstrated some
improved outcomes in advanced HCC'"® and several regimens

Tahle Systemic Therapies for HCC

with modest efficacy incorporate oxaliplatin. These include
oxaliplatin plus 5-fluorouracil with leucovirin (FOLFOX4),'"”
capecitabine and oxaliplatin (XELOX)'"” and gemcitabine and
oxaliplatin (GEMOX).""""" Even though traditional cytotoxic
combination chemotherapy can be modestly effective, in
patients with cirrhosis pre-existing cytopenias and delayed
drug clearance severely limit the number of patients who
might be considered good chemotherapy candidates. Little
recent randomized multicenter controlled data exist on these
chemotherapeutic regimens as the standard of care for
advanced HCC is currently small molecule inhibitors." "'

Sorafenib is a small molecule inhibitor of serine-threonine
tyrosine protein kinases (Raf-1, B-Raf) involved in the angio-
genesis, including vascular endothelial growth factor receptor
and platelet-derived growth factor receptor beta. The SHARP
trial, a multicenter double blinded, placebo-controlled trial of
602 Western patients with advanced HCC who were naive to
systemic treatment, demonstrated both increased median sur-
vival and time to radiologic progression of almost 3 months
with sorafenib.''* The multicenter, placebo-controlled ORI-
ENTAL trial of 271 patients confirmed the effectiveness of
sorafenib in HCC patients in a Asian-Pacific, predominantly
hepatitis-B affected, patient population.''” Side effects in
both trials included hand-foot skin reactions, hypertension,
diarrhea, and fatigue. As a result, sorafenib is currently the
standard recommended first-line systemic therapy for
advanced HCC."”

Sorafenib is however not beneficial for all patients with
advanced HCC. Major tumor regressions are rare, and few
patients experience long-term cancer control. Combination
of sorafenib (in patients who can tolerate it) with cytotoxic

Systemic Phase N Treatment Median Median Median
Drug Treatment of Trial Study N patients  Arm RR (%) TTP (mo) PFS (mo) OS (mo)
Chemotherapy
Doxirubicin Primary 3 Lai et al 1988 106 60 8.0 NR NR 24
Primary 3 Gish etal 2007 445 222 4.0 2.1 23 7.4
FOLFOX4 Primary 3 Qinetal 2014 371 184 8.6 NR 24 5.9
XELOX Primary 2 Boige et al 2007 50 50 7.0 NR 4.1 9.3
GEMOX Primary 2 Louafi et al 2007 34 34 180 NR 6.3 11.5
Small molecule inhibitors
Sorafenib*® Primary 3 Llovet et al 2008 602 299 2.0 5.5 NR 10.7
Primary 3 Cheng et al 2009 271 150 3.3 2.8 NR 6.5
Lenvatinib® Primary 3 Kudo et al 2018 954 478 406 7.4 7.4 13.6
Regorafenib* Secondary 3 Bruix etal 2017 573 374 1.0 3.2 3.1 10.6
Ramucirumab  Secondary 3 Zhu etal 2015 565 283 7.0 3.5 2.8 9.2
Secondary, 3 Zhuetal 2018 292 197 4.6 NR 2.8 8.5
AFP >400 ng/mL
Cabozantinib® Secondary 3 Abou-Alfa 707 470 4.0 NR 5.2 10.2
etal 2018
Immune checkpoint inhibitors
Nivolumab* Secondary 1/2 El-Khoueiry 48 (dose 48 15.0 34 NR 15
etal 2017 expansion)
Secondary 214 (dose 214 20.0 4.1 NR NR
escalation)
Pembrolizumab* Secondary 2 Zhuetal 2018 104 104 17.0 4.1 4.1 12.9

NR, not reported.
*FDA approved for HCC.
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chemotherapy such as GEMOX may increase overall
response rates.' ' Survival benefit has not been shown in
patients with more severe cirrhosis (Child-Pugh B or greater),
and side effects are more prominent in these patients'' '

To date, sorafenib has not been effective at preventing liver
cancer recurrence after TACE or surgical resection. The
STORM phase 3 multicenter, placebo-controlled trial of sora-
fenib after radiologically successful radiofrequency ablation
or surgery demonstrated no difference in median survival or
recurrence from placebo.''” Two later placebo-controlled tri-
als of sorafenib with TACE for HCC, the SPACE and TACE 2
trials, showed no difference in survival or tumor progression
compared to TACE alone.'"®""” Increased toxicity was seen
with the concomitant use of sorafenib and SBRT for HCC in
a phase I trial.'*” Thus, the use of sorafenib in patients able
to undergo locoregional therapy is controversial and likely
not indicated in most patients at this time.

New Small Molecule Inhibitors

In recent years, the landscape of systematic treatment has
changed, with newer agents FDA approved and clinically
available.'”" A number of multikinase inhibitors (including
sunitinib,122 brivanib,'?? erlotinib, " and linifanib'%®) were
tested against sorafenib in large randomized clinical
trials and failed to prove superior. Lenvatinib is an oral
multikinase inhibitor of VEGF, fibroblast growth factor,
platelet-derived growth factor, as well as RET and KIT kin-
ases. In the REFLECT randomized trial of 954 patients who
received lenvatinib or sorafenib as first-line therapy for
HCC,"*" there was no significant difference in median sur-
vival time, establishing noninferiority. However, there was a
significantly improved response rate (18.8% vs 6.5%), and
increased time to progression in the lenvatinib group
(8.9 months) compared to the sorafenib month
(3.7 months). Hypertension is a more prominent side effect
of lenvatinib, hand-foot skin reactions are more severe with
sorafenib.'*® These studies have led to FDA approval of len-
vatinib as a first-line treatment in HCC. It is the only sys-
temic small molecule inhibitor besides sorafenib to have this
approval, and the first therapy to receive such approval in
nearly a decade.

Other small molecule inhibitor drugs have only been
studied in patients who failed sorafenib. Regorafenib is
another tyrosine kinase inhibitor involved in angiogenesis
as well as stromal proliferation with a similar side effect pro-
file to sorafenib.'”” Second-line treatment with regorafenib
demonstrated an increase in overall survival (10.6 months
compared to 7.8 months with placebo) in patients who
failed sorafenib with Child-Pugh A liver function in the par-
allel double-blinded randomized RESOURCE trial of
573 patients.'”” This lead to FDA approval of regorafenib
for HCC as a second-line therapy.

Ramucirumab is a recombinant monoclonal antibody and
VEGF receptor-2 antagonist. The REACH trial, a phase 3
double-blinded placebo-controlled trial of 565 patients who
failed sorafenib demonstrated no improvement in survival

with ramucirumab.'*” However, subgroup analysis demon-
strated that ramucirumab had some effect on AFP levels and
patients with greater AFP response had significantly greater
radiographic response to treatment.'”’ The follow-up
REACH-2 trial of 292 patients with HCC who had pro-
gressed following sorafenib with Child-Pugh A cirrhosis and
AFP levels >400 demonstrated a survival benefit with ramu-
cirumab of 8.5 months compared to 7.3 with placebo. There
was similar benefit for progression-free survival."”!

Cabozantinib is a tyrosine kinase inhibitor to multiple
VEGF growth factor receptors. In the CELESTIAL trial of
707 HCC patients who had progressed after prior systemic
therapy randomly assigned to cabozantinib or placebo, cabo-
zantinib resulted in approximately 2 months greater median
overall survival and 3 months greater progression-free sur-
vival compared to placebo. Side effects included hand-foot
skin reactions, hypertension, diarrhea, fatigue, and elevated
liver enzymes.'”> Cabozantinib is now FDA approved for
second line therapy in HCC.

Immunotherapy

Immunotherapy represents another potential strategy for
HCC treatment. HCC evades the immune system through
numerous postulated mechanisms, including tumor-associ-
ated regulatory T-cells and adjacent tolerogenic macrophages
within the liver.'”” Early efforts to utilize the immune system
in HCC treatment used activated autologous lymphocytes
given after surgery in an attempt to reduce recurrence.
Another attempt involved the use of Interferon alpha-beta,
which was not well tolerated in cirrhotic patients and did not
produce increased survival.'"”” While numerous immuno-
logic therapies and targets for HCC were postulated, none of
these efforts lead to reproducible results and widespread
adoption until recent development of immune checkpoint
inhibitors.'*°

One such inhibitor is Nivolumab, an IgG4 monoclonal anti-
body to PD-1 (programmed cell death receptor-1). PD-1 is an
inhibitory receptor seen on T-cells and activated B-cells. The
ligand for PD-1 (PD-L1) is overexpressed in HCC and
increased expression is inversely correlated with survival."”"'**
Nivolumab has been shown to be safe in patients with
advanced HCC, whether on sorafenib or not."*” The Check-
mate 040 dose escalation study of 264 patients demonstrated a
9-month overall survival rate of 74% across all doses.'™ Sub-
group analysis demonstrated durability of treatment response
in patients previously treated with sorafenib who initially
responded to nivolumab.' ' This data has led to FDA approval
for nivolumab as a second-line therapy for advanced HCC
who failed sorafenib. Pembrolizumab, another PD-1 inhibitor,
is currently in trial for patients who failed sorafenib.'** Based
on outcomes (17% response rate, 4.9-month progression-free
survival, OS 12.9 months) pembrolizumab has also attained
FDA approval for second-line treatment of patients after Sorafe-
nib failure.'*’

Combination of checkpoint inhibitors with directly injected
genetically engineered herpes virus currently used to treat
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melanoma (Talimogene laherparepvec or T-VEC) is also being
studied in HCC as well as for metastatic liver lesions.'"* The
T-VEC is hypothesized to produce more cell death and cas-
cade an immune reaction strengthened by the PD-L1 inhibi-
tion. An alternative strategy is targeting multiple components
of tumor immune dysregulation. Laboratory models have
shown that regulatory T-cells derived from HCC inhibit
immune targeting of tumor cells by the CTLA-4 molecule.' "
The HIMALAYA study will administer both a PD-L1 inhibitor
(durvalumab) and a CTLA-4 inhibitor (tremelimumab) into
HCC patients who failed sorafenib.'** Alternative strategies
for future immunotherapy may involve cell-based therapies,
such as tumor-derived vaccine therapies or induced natural
killer cells, which have been used as adjuvant therapies after
surgery or radiofrequency ablation, respectively.'**'*"

Preliminary data from trials combining angiogenesis inhib-
itors with immune checkpoint inhibitor drugs (atezolizumab
and bevacizumab,' ™ pembrolizumab and lenvatinib'*”) has
shown tantalizingly high response rates, but clinical benefit
remains to be confirmed in larger clinical trials.

Where Does Yttrium-90 Fit in?

Locoregional therapy with Y-90 involves the use of Y-90-
tagged microspheres delivered transarterially directly to the
tumor, a treatment termed radioembolization. Y-90 may be
delivered globally to the liver in advanced liver disease with
multifocal nodules or portal vein thrombosis not amenable to
other locoregional therapies.'” Y-90 may be utilized locally in
the liver in the form of radiation segmentectomy, which has
shown comparable survival outcomes to TACE and potentially
improved time to local progression.'”"'”” The ablative poten-
tial of radiation segmentectomy in producing local control has
been similar to even TACE combined with ablation in one pro-
pensity-matched retrospective study of unresectable tumors up
to 3 cm in size."”* The potential use of this alternative locore-
gional therapy in conjunction with surgical and medical sys-
temic therapies is of high importance to the physician
performing radioembolization.

In terms of surgical treatment, Y-90 is of greatest interest
as a bridge to transplantation or for downstaging to resec-
tion or transplant. Radiation segmentectomy may even be
superior to TACE in downstaging patients to transplanta-
tion."”” Recently, radiation lobectomy, or delivery of an
ablative Y-90 dose to an entire hepatic lobe, has been
described as a method to both locally treat a tumor and
hypertrophy the contralateral lobe prior to partial hepatec-
tomy.'”° Radioembolization additionally does not increase
surgical morbidity. In a comparative study of 172 patients
undergoing TACE or radioembolization for early HCC prior
to transplantation, recurrence-free survival after transplant
was similar.'”’ Ninety-day surgical complications after Y-
90 treatment were shown to be at the expected levels of
treatment naive patients.'”” Thus, Y-90 appears to play a
symbiotic role with surgical treatment.

For patients with locally advanced cancer not eligible for
other therapies, Y-90 has been shown in a multicenter trial

(SIRveNIB) of 360 BCLC B and C patients to have similar
tumor response with fewer adverse events compared to treat-
ment with sorafenib.'” The SARAH trial of 467 patients
demonstrated no significant difference in survival or progres-
sion-free survival between the two therapies; however,
patient tolerability of treatment was greater in the Y-90
group.'®’ Thus, Y-90, while more invasive, may be an option
for patients who may not tolerate sorafenib. At the same
time, the judicial use of Y-90 simultaneously with sorafenib
and other systemic therapies in patients with advanced HCC
is considered safe based off of published data.'*"'** How-
ever, caution is advised in early HCC as sorafenib may
increase post-transplant complications when used concomi-
tantly with Y-90."°” No major studies have been performed
comparing or combining the newer small molecule inhibitors
with Y-90 treatment.

Immunotherapy may complement Y-90 treatment. Radio-
embolization is thought to increase antigen presentation and
hence T-cell activation, which could potentiate the effect of
immunomodulatory drugs such as nivolumab.'®* A phase 2
trial of nivolumab in Child-Pugh A HCC patients after radio-
embolization is underway, with an aim to enroll 40 patients.'*’
The results of this trial may demonstrate a synergistic role of
immunotherapy with Y-90 therapy.

The treatment of HCC requires review of patient and dis-
ease factors in the presence of a multispecialty effort. Surgical,
locoregional, and systemic options must be available to pro-
vide the right treatment to the right patient. The Y-90 consul-
tant must be aware of new developments of the other
modalities to stay relevant and maintain perspective to choose
the right candidate for radioembolization. The role of Y-90 in
this environment will likely evolve along with the other treat-
ments. The goal is the best result for the patient, whether that
be resection, ablation, transplantation, or palliation.
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